Abstract The effect of different extraction methods i.e. extraction with alkali (AEDF), enzyme (EEDF) and enzyme plus shear emulsifying hydrolysis (SEDF) on structure, physiochemical as well as the functional characteristics of dietary fiber (DF) from defatted walnut flour were studied. AEDF process showed significantly higher (P \ 0.05) amount of water retention capacity (WRC; 5.39 g/g), water swelling capacity (WSC; 3.16 g/mL), and particle size; while, shown lower value of oil adsorption capacity (OAC; 29 g/g) amongst all. Compared to AEDF, no major differences were observed in network except the matrix in EEDF and SEDF was more porous and honey comb like. DF extracted through AEDF, EEDF and SEDF showed good viscosity and emulsifying activity however, less stability indices. The results from this study suggest that AEDF and EEDF and SEDF had specific effects on the structure-functional properties of DF from defatted walnut flour, which has great potential in food applications.
Introduction
Dietary fiber (DF) is one of the most important edible parts of plants that remain undigested in human small intestine followed by complete fermentation in the large intestine, where it continues to impart its functionality [1] . The complete digestion of DF promotes healthy benefits including weight control, colon cancer prevention, cholesterol and glycemic index reductions [22] . Various vegetables, fruits and seeds have been used for extraction of DF e.g. deoiled cumin, coconut kernel, barley grains, soya meal and rice bran [2, 20, 26, 33] .
Recently, chemical, enzymatic and chemical-enzymatic processing showed safe processing for extraction of DF [20] . However, each method has advantageous and adverse effects on DF properties [22] .The effects of different extraction conditions on physicochemical and functional properties of DF have recently been reported for cumin seeds, rice bran and soy pods [7, 20, 24] . Many different methodologies have been adopted for extraction of DF, either directly or from by-product [6] .
Walnut flour consists of high protein content, fiber, copper, zinc, iron and vitamin E [17] .Walnut flour has been used in desserts, cakes and confectionary, as well as in many savory dishes such as soups, sauces, traditional bakery, ice cream, chocolate baked products such as walnut brownies and many more. The increasing market need of walnut lipids because of its beneficial health applications results in the large amount of the by-product: defatted walnut flour, which contains nutritional fiber and protein. It is essential to improve the economic value of the defatted walnut flour, which is incorporated in food products development or used as feeds for animals [16] . The remaining residue after extraction of oil from walnut can be used to isolate DF.
According to literature no or little information have been reported for extraction and utilizations of DF from defatted walnut flour. Therefore, this study is aimed to extract DF from defatted walnut flour with recently reported technologies e.g. AEDF, EEDF, and SEDF. The results of this study will provide potential application of DF from byproduct in walnut oil industries.
Methods and materials
Defatted walnut flour preparation Defatted walnut flour was prepared according to [29] . Simply, walnuts were ground to paste, followed by mixing with n-hexane with ratio of 1:10 (w/v). The slurry was magnetically stirred for 3 h at ambient temperature followed by vacuum filtration. The filtrates were again dissolved in methanol with same ratio for complete removal of oil and were vacuum filtered. The resultant flour was dried in fume hood for 24 h at 45°C and then was ground into fine powder.
DF extraction
Three different methods were used for the extraction of DFs from defatted walnut flour: AEDF, EEDF, and SEDF.
AEDF 100 g of defatted walnut flour was mixed in 1.5 L of 50 mM NaOH and was stirred at 100 rpm at 45°C. The slurry pH was adjusted to 7 with 50 mM HCl and was centrifuged with speed of 10,000 g for 30 min [13] .
EHDF 100 g of defatted walnut flour was mixed with deionized water (3.5 L), followed by hydrolyzation with alcalase (Sigma-Aldrich) 4.5% (w/w, pH 7.7) for 3 h. The mixture was heated for 15 min to terminate hydrolysis and was centrifuged at 10,000 g for 30 min [16] .
SEDF 100 g of defatted walnut flour was mixed with 3.5 L of deionized water at 25°C, shear emulsified at 22,000 rpm for 15 min, and hydrolyzed like EHDF.
The three extracts were washed and dried in fume hood at 50°C for 24 h. All of the extracts were smash into fine powder for further analysis.
Proximate composition
Recommended methods [4] were used for determination of moisture, protein, fat, starch, ash, total DF, insoluble DF and soluble DF.
Scanning electron microscopy (SEM)
The measurements of surface and microstructure of DFs were carried out using SEM, Model VEGA TESCON with variable pressure. Gold sputtering of samples was carried out and images were taken at different magnifications.
Fourier-transformed infrared spectroscopy (FTIR)
DFs were thoroughly mixed with KBr (1:250 w/w) and pelletized. IR spectra of the DFs of three extracts were taken on a Thermo-Nicolet 6700 FTIR Spectrometer at the frequency range of 4000-650 cm -1 on ATR mode with 256 scans at 8 cm -1 resolution.
Particle size (D 3,2 (lm))
Particle Size Analyzer (Model; BT-9300, Dandong Baite Instrument Co., Ltd., Dandong, Liaoning, China) was used in the measurements of particle size D 3,2 (lm) of the selected samples (AEDF, EEDF and SEDF) according to the standard method [20] .
Physicochemical properties
The hydration properties
The hydration properties are generally fiber specific and can explain various biological effects such as induction of colonic fermentation and increase in stool weight. These could also alter the texture and aspect of food products. The hydration properties include parameters such as water retention capacity (WRC) and water swelling capacity (WSC). Water retention capacity is the measurements of the amount of water held after application of an external force such as centrifugation. On the other hand, ''Water swelling capacity is used to quantify the volume occupied by hydrated fibers or the volume occupied by known weight of fiber under the conditions used; measured as settled bed volume'' [27] . An increased WRC and WSC vales in DFs result in slowing down the gastric emptying, increase in stomach distension thus causing satiation [30] . DF with enhanced WRC and SWC reduce the intestinal absorption of carbohydrates, and re-absorption of bile acids thus preventing the risk of cardiovascular diseases as well as diabetes [11] .
Water retention capacity (WRC)
The WRC parameter was measured according to the modified method (18) . One gram of DFs was dissolved in 30 mL distilled water at ambient temperature for 24 h followed by centrifugation at 3000 g for 20 min. The weight of the follow-on filtrate was noted before and after drying at 100°C. Following Eq. (1) 
Water swelling capacity (WSC)
Standard method was used to determine the WSC was [28] . According to this method, 0.2 g DFs was hydrolyzed in distilled water (10 mL) for 18 h. The settled volume in graduated cylinder was recorded and following Eq. (2) was used for the calculation of WSC
t 1 = volume of the hydrated DF, t 0 = volume of DF earlier to hydration, and W 0 = weight of DF earlier to hydration.
Oil adsorption capacity (OAC)
The OAC parameter was measured according to the method [2] , with minor amendment. DFs (0.2 g) were hydrated with 30 mL sunflower oil for 18 h followed by centrifugation at 2000 g for 20 min. The amount of oil hold by DF was calculated as OAC using Eq. (3).
m r = residue weight, which contained the oil (g) and m d = original weight of DF (g).
Functional properties

Emulsifying properties
Emulsifying properties of the samples were determined using emulsifying activity index (EAI) and stability index (ESI) according to the method [34] . In EAI measurements, DFs (7 g) was soaked in slurry of water and sun flower oil (100 mL each), followed by emulsification in homogenizer (D-160 DLAB, China) for 1 min at 10,000 rpm. The resulted emulsion was separately taken in 50 mL centrifuge tubes and re-centrifuged for 5 min at 2000 rpm. Emulsifying activity was obtained from the following Eq. (4).
Emulsifying activity ¼ Hight of emulsified layer Ä hight of whole layer in centrifuge tube ð Þ Â 100%
ð4Þ
For the determination of ESI, same protocol was adopted as previously in EAI with addition to heat the emulsion at 70°C for 40 min followed by cooling with water and centrifuged afterwards for 5 min at 2000 rpm. ESI measurements were carried out using Eq. (5).
ESI ¼ Hight of remaining emulsified layer
Ä height of whole layer in tube Â 100% ð5Þ
Viscosity
Viscosities of the DFs were determined using the method [10] . Simply 1, 3, 5 and 7% (w/v) concentration of DFs were mixed with water at high speed in a blender for 60 s. The mixture was allowed to settle down at 25°C for 24 h before viscosity measurements. The viscosity was determined using a NDJ-8S Digital rotary viscometer at 60 rpm at room temperature.
Statistical analysis
All the experiments were performed in triplicate. The means were compared by the Duncan multiple-range test at P \ 0.05 using SAS 8.1 software.
Results and discussion
Proximate composition
The proximate composition of defatted walnut flour and DFs extracted by AEDF, EEDF and SEDF technologies are shown in Table 1 . The data in the table were expressed as g/100 g dry basis except for moisture (count in %) and minerals (count in ppm). Major composition of defatted walnut flour included: TDF (49.31 g/100 g), fat (0.24 g/ 100 g), protein (32.61 g/100 g) and ash (1.39/100 g). By comparing the composition of defatted walnut flour and AEDF, EEDF and SEDF extracted DFs shown significantly higher content (P \ 0.05) of TDF (58.11 g/100 g, 61.73 g/ 100 g and 69.59 g/100 g); while significant decrease was observed for fat (0.21 g/100 g, 0.22 g/100 g and 0.19 g/ 100 g) and protein contents (8.67 g/100 g, 23.56 g/100 g and 14.81 g/100 g, P \ 0.05). Among extraction methods, the lower protein content was reported for AEDF, probably due to the denaturation of protein in long extraction method of DFs with NaOH. Furthermore, TDF reported for SEDF remained lower as compared to mango, lemon and cumin seeds DFs respectively (74 g/100 g, 70.76 g/100 g and 84.14 g/100 g) [12, 15, 20] . Higher content of SDF was observed for SEDF (6.53 g/ 100 g) with ratio of 12.00 which was significantly lower (P \ 0.05) as compared to AEDF and EEDF (82.52 and 19.64), maybe due to the breakage of glycosidic bonds in DF which results in loss of SDF, and thus affects the ratio between IDF and SDF [18] . Ma and Mu [20] reported similar results for SEDF in cumin seeds. Additionally, the SDF content of SEDF was observed as higher than that of coconut, rice and oat DFs respectively [9, 25] . Consumption of SDF results in reduction of blood cholesterol as well as helps in maintaining proper insulin level [11] . Increase in SDF can reduce oil absorption, thus imparts beneficial properties to the fibers incorporated traditional food products [32] . Consequently, all the extracts could be used as valuable additives in various food products.
Scanning electron microscopy (SEM)
The structural characterization of AEDF, EEDF and SEDF by SEM are shown in Fig. 1 . The structures reveal no major differences in network except the matrix in EEDF and SEDF is more porous (holes and crakes) and honey comb like while in AEDF, the matrix is not such intact ( Fig. 1(A) ). This may be attributed to the fact that alkali removes less protein than enzymatic hydrolysis. Under the same alkaline conditions, the micro structures were not much destroyed as predicted by Ma and Mu [20] however, the matrix vanished. These results reveal that the network in DF of defatted walnut flour is not much affected by alkali extraction method due to the possible resistance. Moreover, the SEDF has not affected the matrix structure, since the honey comb structure in both EEDF and SEDF look alike (Fig. 1(B )and (C) ).
Ftir
The FTIR spectrum (600-4000 cm -1 ) of each DF shows various functionalities in AEDF, SEDF and EEDF (Fig. 2) . Characteristic bands for hydroxyl stretching vibrations (OH in polysaccharides) were observed at 3273 cm -1 . The C-H stretching absorption originating from methylenic group (in polysaccharide) was observed at 2922 cm -1 [31] while bands for aromatic C-H stretching appeared at 2853 cm -1 along with overtones (1800-2000 cm -1 ), however, the characteristic absorption at 1648 cm -1 (aromatic lignin) was not observed in AEDF showing reduction in aromatic components. Moreover, the band at 3273 and 1040 cm -1 (OH stretching) were broaden in AEDF, while C-O bending absorptions at 1,248,898 and 811 cm -1 (bglycosidic linkages in polysaccharides) were not observed thus reveal a reduction in intermolecular hydrogen bonding in the cellulose and hemicellulose components [31] , possibly due to the alkali solution effect. The results of IR spectral data confirm that over all structural matrixes in AEDF is disturbed as compared to the EEDF and SEDF, observed in SEM results earlier.
Particle size (D 3,2 (lm))
Particle sizes of AEDF, EEDF and SEDF have been shown in Table 1 . Particle size is one of the major factors which effect various physiochemical and functional properties of DFs [32] . The smallest particle size was observed for EEDF (70.27 lm) followed by SEDF (70.83 lm) and AEDF (88.58 lm) respectively. The results reveal that by comparing EEDF and shear emulsifying treatment before enzymatic hydrolysis in SDEF has no effect on particle size. However, particle size of AEDF was significantly higher (P \ 0.05) compared to EEDF and SEDF. The smaller particle size distribution may be attributed to the high-speed emulsifying pretreatment or probably the proteins in defatted walnut flour changed into smaller monomers in the presence of protease [8] .
Physicochemical properties
Wrc
Figure 3(A) shows WRC of AEDF, EEDF and SEDF. WRC of AEDF was significantly higher (P \ 0.05) (5.39 g/g) than that of EEDF (1.05 g/g) and SEDF (3.04 g/ g). The lower level of WRC in EEDF and SEDF may be due to hard procedure of grinding and denaturation of polysaccharide linkage, which leads to the reduction of WRC [20] . Furthermore, WRC for AEDF was observed higher compared to grapefruits (2.09 g/g), citrus fruits (1.65 g/g), apples (1.87 g/g), and bananas (1.71 g/g), but lower than that of mango peel (11.40 g/g) and coconut kernels (10.71 g/g; [6, 14, 32, 33] . These results reveal that, DFs from defatted walnut flour can bind/entrap more water than DFs of grapefruits, citrus fruits, apples and bananas since DF WRC is dependent on D 3,2 , extraction methods, and surface morphology [6] . WRC is one of the major key parameter which has been studied in functional food. Most significant changes that happen during baking i.e. gelatinization of starch, denaturation of protein, flavor and color formation are due to water contents [23] . It has been observed that the WRC is directly proportional to the amount of SDF [19] . Since AEDF has higher IDF/SDF ratio (82.52) as compared to EEDF and SEDF, therefore can bind to more water. Figure 3 (B) reveals that there is significant difference in WSC among AEDF, EEDF and SEDF (P \ 0.05). The highest WSC was observed for AEDF (3.16 mL/g) followed by SEDF (2.5 mL/g) and EEDF (2.04 mL/g). WRC and WSC are directly proportional, i.e. higher the value of WRC, higher will be WSC [33] . AEDF shown significantly (P \ 0.05) higher value of WRC and WSC compared to that of EEDF and SEDF ( Fig. 3(A) and (B) ).
Our WSC results of DFs are lower than that of coconut kernel [25, 33] probably due to the methods of preparation and purification of DF. However, our results are similar to that of Ma and Mu [20] , related to WSC measurements for de-oiled cumin. The maximum amount of water that a fiber can bind depends on its chemical, physical and structural characteristics [25] . DFs extracted through AEDF, EEDF and SEDF have strong effect on free polar groups which tend to minimize the hydrophilic sites; results in less binding of water. AEDF showed maximum swelling capacity and better chemical, physical and structural characteristics as compared to EEDF and SEDF. WSC results are in contradiction with the structural results in the present study ( Figs. 1 and 2 ). López et al. [15] reported that IDF/SDF ratio is sensitive for physical treatments and may possibly lead to an increase or a decrease in the WSC.
Oac
Figure 3(C) shows OAC of AEDF, EEDF and SEDF. The results indicate that OAC is significantly different among three different extracted DFs (P \ 0.05). The highest amount of OAC was observed for EEDF (70 g/g) followed by AEDF (29 g/g) and SEDF (15.3 g/g). OAC is the capability of DF to adsorb fat. During food processing, the reduction of cholesterol level in blood is linked with higher value of OAC [19] . Our results suggest a significantly higher value of OAC than that of deoiled cumin, coconut kernel, lime residue and grapefruits [20, 33] . According to Navarro-González et al. [21] , the lower value of OAC are related to absence or limited amount of lignin in DF, therefore; our study reveals that DFs extracted through AEDF, EEDF and SEDF from defatted walnut flour had higher amount of lignin. Additionally, OAC is related to the DF chemical composition, however; it is more of the porosity of the fiber structure rather than the attraction of the fiber molecule to oil [5] . The structure of EEDF is more porous as most of the non-cellular low molecular weight components are removed during enzymatic hydrolysis. Therefore, adsorption of oil is easier in EEDF compared to AEDF and SEDF. Figure 4 (A) and (B) shows emulsifying activity index (EAI) and emulsifying stability index (ESI) of AEDF, EEDF and SEDF. Figure 4 (A) and (B) indicates that there is significant (P \ 0.05) difference among EAI and ESI values of DFs. The higher value of EAI was observed for AEDF (73.67%) followed by SEDF (49.33%) and EEDF (46%). While higher value of ESI was observed for EEDF (51.56%) followed by AEDF (43.94%) and SEDF (32.22%) respectively. Our results of EAI and ESI were significantly higher than that of rice bran and soybean products [2, 34] . The DF extracted through AEDF, EEDF and SEDF shows good emulsifying activity however, shown less stability indices of less than 50%. The stability index of any emulsion having 94% was considered an excellent value previously, while 50% was categorized as poor stability index [34] . In the present study the lower ESI value obtained probably due to the lower amount of protein in AEDF, EEDF and SEDF possibly because of the alkali Viscosity Figure 5 shows viscosity of AEDF, EEDF and SEDF. There was no significant difference (P \ 0.05) was observed in viscosities among all of the extracted DFs at different concentration. The concentration of DF is the major component that would increase the viscosity of a solution which lead to the viscous solution, and consequently increase viscosity in the intestine and thus health benefits are related to viscous fibers [3] . The viscosity values of AEDF, EEDF and SEDF was observed higher compared to that of rice bran [2] . However, similar pattern was observed in increasing of viscosity with increase in DF concentration. The result of this study reveals that the structural, physicochemical and functional properties of DF are dependable on extraction methods from defatted walnut flour. AEDF shows better structural and physiochemical properties, however, no significant difference was observed in emulsifying ability and viscosities of AEDF, EEDF and SEDF. OAC was the main parameter for all of the extracted DFs (70 g/g, 29 g/g and 15.3 g/g), which shown higher values compared to other available DF from different sources. During food processing and reduction of cholesterol level in blood are linked with higher value of OAC. The results from this study recommended that DF from defatted walnut flour have enormous potential in food applications, especially as a food supplement or in development of functional foods. However, further study need to investigate in vivo physiological effects of AEDF, EEDF and SEDF, including its anti-diabetics, anti-cancer effects. 
Functional properties
Emulsifying properties
